To investigate the association between chronic cholestatic jaundice, systemic immunity, and various infectious complications in patients with biliary atresia (BA), we performed a survey of the systemic immune function in 30 children with BA. Patients were divided into a jaundice group (total serum bilirubin Ն2 mg/dL for Ͼ6 mo) and control group (total serum bilirubin Ͻ2 mg/dL for Ͼ6 mo) with comparable age. Patients were tested for serum immunoglobulin and complement levels, mitogen response, interleukin (IL)-4, IL-5, and interferon-gamma production after phytohemagglutinin (PHA) stimulation, blood cell and lymphocyte subpopulation counts, phagocytic function, and leukocyte adhesion complex. They were then followed prospectively for 6 mo, and severe infectious complications requiring hospitalization were recorded. Compared with jaundice-free patients, T-lymphocyte proliferation function, determined by PHA mitogen test was significantly lower (p ϭ 0.02) in BA patients with chronic cholestatic jaundice after a Kasai operation. During the study period, patients with chronic cholestatic jaundice had a higher risk of severe infectious complications than their jaundice-free counterparts (risk ratio ϭ 5.87; p ϭ 0.001). In conclusion, BA patients with chronic cholestatic jaundice are associated with impairment of T-lymphocyte proliferation and increased incidence of severe infectious complications. 
B
A is one of the most common cholestatic liver diseases in early infancy. Early diagnosis with a prompt Kasai operative intervention before the age of 60 d is an important prognostic factor (1) . However, about one third of patients with BA remain jaundiced even after prompt intervention, and in another one third of patients, jaundice reappears after recurrent episodes of ascending cholangitis (2) . Increased susceptibility to various infectious pathogens has been noted in patients with cholestatic jaundice and cholestatic animal model (3) (4) (5) (6) . A previous study showed that the incidence of sepsis in jaundiced patients ranged from 25% to 72%, and the mortality rate was around 20% to 30% (7) . Infectious complications play an important role in the morbidity and mortality of jaundiced patients, although the exact mechanism of this increased susceptibility to infectious pathogens remains largely unclear. Depressed systemic and local reticuloendothelial immune functions may be responsible for the susceptibility of these patients to infectious pathogens (8, 9) . Impaired Kupffer cell phagocytic function and increased intestinal permeability to intestinal pathogens or endotoxins have been demonstrated in previous studies (10 -13) . Artificial bile duct ligation in animal models with short-term obstructive jaundice results in suppression of systemic immunity in rats and dogs (14 -16) . However, little is known about the association between chronic cholestatic jaundice and the systemic immune function in BA patients after a Kasai operation.
We conducted this study to evaluate the systemic immune function and infectious complications after a Kasai operation in BA patients.
METHODS

Subjects.
From January 2004 to July 2005, this cross-sectional survey recruited 30 children with BA who underwent a Kasai operation (10 boys and 20 girls) at the Department of Pediatrics, National Taiwan University Hospital. The diagnosis of BA was established by intraoperative cholangiography. The ages at entry into the study ranged from 1 to 22.3 y (median, 3.5). Patients with serum total bilirubin levels Ͼ2 mg/dL for more than 6 mo were designated as the chronic cholestatic jaundice group. Twelve children (age range, 1-22.3 y; median, 1.8; three boys and nine girls) were noted to have serum total bilirubin levels Ͼ2 mg/dL for Ͼ6 mo (range, 6 -114) before enrollment in our study. Another 18 jaundice-free BA children (age range, 1-16.5 y; median, 4.6; seven boys and 11 girls) with serum total bilirubin levels Ͻ2 mg/dL for Ͼ6 mo served as the control group (Table 1) .
Ursodeoxycholic acid (UDCA) was prescribed to the majority of BA patients in our institute. Eleven (91.7%) of the 12 jaundice patients and 14 (77.8%) of the jaundice-free patients received UDCA therapy for Ͼ3 mo. There is no difference between these two groups in terms of UDCA use (p ϭ 0.32). All patients were free of any immunosuppressant from at least 2 wk before the study began until the end of the follow-up period. The immune studies would not be done until the patients were free of infection for at least 2 wk to avoid the possible confounding on systemic immune function. Nutritional assessment and blood sampling were performed at enrollment.
Hospitalization events due to various infectious complications such as pneumonia, cholangitis, peritonitis, urinary tract infection, bacteremia, and sepsis were defined as severe infectious complications. Patients were prospectively followed for 6 mo after enrollment to record their infectious complications. Case mortality, liver transplantation, or the end of the scheduled 6-mo follow-up period, whichever came first, was defined as the endpoint of this study. This study was approved by the Institutional Review Board and Research Ethics Committee of National Taiwan University Hospital.
Blood analysis. Blood samples were collected to measure serum total and direct bilirubin, albumin, cholesterol, triglyceride, calcium, alanine aminotransferase, aspartate aminotransferase, ␥-glutamyl transpeptidase, prothrombin time/international normalized ratio, serum total immunoglobulin (IgG, IgA, and IgM), complement (C3 and C4), peripheral white blood cell count, hemoglobin, platelet count, absolute neutrophil count, and absolute lymphocyte count. All blood samples were analyzed immediately after blood collection.
Nutritional assessment. Body weight, body length, mid-arm muscle mass derived from upper arm anthropometry, and mid-arm triceps skinfold were measured at enrollment. Each measurement was repeated 3 times, and the average value was recorded on source documents. Data on these measurements were translated into z scores for further statistical analysis.
Mitogen assay. Lymphocyte proliferation was evaluated by mitogen assay using the mitogens PHA and pokeweed mitogen (PWM) as stimulants. PHA is a strong mitogen of T lymphocyte, and PWM is a mitogen for both T and B lymphocytes. Lymphocytes were isolated by centrifugation on FicollHypaque Density Medium (Pharmacia Ltd., Milton Keynes, UK) and diluted at a concentration of 2 ϫ 10 6 cells/mL. These lymphocytes were then stimulated with PHA (4 g/mL) and PWM (4 g/mL). A control using RPMI 1640 was also added. All samples were run in triplicate, and the counts for the three measurements were averaged. Plates were incubated in a humidified incubator with 5% CO 2 at a temperature of 37°C for 54 h. Blast transformation was labeled by 1 Ci Neutrophil basal CD11b/CD18 adhesion molecule expression. The baseline expression of CD11b/CD18 leukocyte adhesion complex was determined by the following method: whole blood samples (0.5 mL) were incubated on ice with fluorescein-conjugated monoclonal antibody (MAb) to CD11b (Becton Dickinson Co.) and CD18 (IMMUNOTECH, Marseille, France) for 30 min. Lysing fluid was added; the tubes were incubated at room temperature for 10 min and then washed in PBS (0.05%) and resuspended in PBSformaldehyde (1%). All MAbs directed against leukocyte surface antigens were counted by a flow cytometer (BD FACSCalibur, Becton Dickinson Co.).
Lymphocyte subpopulation. Whole blood samples (30 L) were incubated with 5 L fluorescein-conjugated MAb to CD3, CD4, CD8, CD16, CD19, CD45, CD45RA, CD45RO, and CD56 antigens (Becton Dickinson Co.) in test tubes for 30 min for the analysis of lymphocyte subpopulations. Lysing solution (50 L) was added to the test tubes for another 30 min. Then 400 L double-distilled H 2 O was added for an additional 15 min. All MAbs directed against lymphocyte surface antigens were counted by a flow cytometer (BD FACSCalibur, Becton Dickinson Co.).
Statistical analysis. Statistical analyses were performed with the use of the STATA statistical software package (StataCorp LP). The z score was applied to the data management of nutritional status including body weight, body length, muscle mass derived from the mid-arm and triceps skinfold. Mann- 
RESULTS
All patients in this study group were diagnosed as BA by intraoperative cholangiography. Among these BA patients with chronic cholestatic jaundice (n ϭ 12), five (42%) of them had persistent jaundice after a Kasai operation, whereas the other seven (58%) became jaundiced again after recurrent episodes of cholangitis. All patients in the control group (n ϭ 18) remained jaundice free after the Kasai operation.
In this study, there were eight children (66.7%) between 1 and 5 y old, three (25%) between 5 and 10 y old, and one (2.3%) older than 10 y in the jaundice study group (n ϭ 12), whereas there were nine children (50%) between 1 and 5 y old, eight (44.4%) between 5 and 10 y old, and one (5.6%) older than 10 y in the control group (n ϭ 18). There was no difference between these two groups in age distribution (p Ͼ 0.05).
Six (50%) of the 12 patients in the jaundice group received liver transplant due to chronic liver insufficiency or uncontrolled esophageal variceal bleeding 3-4 mo (median, 3.5) after enrollment in our study. One patient (8%) in the jaundice group died of Candida sepsis after 3.5 mo of follow-up. The follow-up period in the jaundice group ranged from 3 to 6 mo (median, 5). One child (6%) in the nonjaundice control group received a liver transplant 4 mo after enrollment due to uncontrolled esophageal variceal bleeding. The follow-up period in the control group ranged from 4 to 6 mo (median, 6) . No difference in the follow-up period was identified between these two groups (p Ͼ 0.05).
There were 11 severe infectious events in the 57 personmonths of follow-up in the jaundice group and three events in the 106 person-months of follow-up in the control group (Table 2 ). There were three episodes of sepsis in the jaundice group (one episode due to Candida albican and another two events due to E. coli). Sputum culture showed no bacterial pathogen in the five episodes of pneumonia. Viral isolation identified influenza A virus and adenovirus in two episodes among the four pneumonia events in the jaundice group. Blood culture in the five cholangitis events all failed to identify bacterial pathogen. Another patient in the jaundice group who suffered from an E. coli urinary tract infection was also identified. Patients with cholestatic jaundice had more severe infectious events than jaundice-free patients did (risk ratio: 5.87; 95% confidence interval (CI): 1.70 -20.31; p ϭ 0.001).
Serum levels of IgG, IgA, and IgM were not statistically different between the jaundice and nonjaundice groups (Table 3) . Serum IgG was found to be lower than age-matched normal values in Taiwan (17) in three patients (25%) in the jaundice group (n ϭ 12) and four patients (22%) in the control group. There was no difference between these two groups (odds ratio: 1.12; 95% CI: 0.30 -4.16; p ϭ 0.86). During the follow-up period, two (29%) of the seven patients whose serum IgG level below normal age-matched levels had infectious events. Compared with other 23 children with normal age-matched serum IgG levels in our study, these seven patients did not have clinical evidence of increased susceptibility to infectious complications (risk ratio: 0.73; 95% CI: 0.20 -2.62; p ϭ 0.62).
Significant impairment of T-lymphocyte proliferation function was observed in the jaundice group compared with the nonjaundice group, as demonstrated by a lower SI ratio in the PHA (p ϭ 0.02) mitogen stimulation test (Fig. 1A) . There was a significant correlation between serum total bilirubin levels and the PHA SI ratio (R ϭ Ϫ0.38, p Ͻ 0.05) in our study population (Fig. 1B) .
Patients of BA with cholestatic jaundice were associated with lower z scores in body weight (p ϭ 0.003) and muscle mass (p ϭ 0.0009) than jaundice-free patients in our study (Table 1) . Hence, patients of BA with cholestatic jaundice were noted to have poor protein caloric status in our study. Muscle mass derived from upper arm anthropometry is considered to be a more reliable marker reflecting the nutritional status of protein as compared with body weight alone. To exclude the possible confounding effect of poor protein caloric status on T-lymphocyte proliferation, we applied backward stepwise multiple regression to analyze the correlation of serum total bilirubin and z scores of muscle mass with the SI ratio for PHA mitogen stimulation test. A significant correlation between serum total bilirubin levels and PHA SI ratio was identified (correlation coefficient ϭ Ϫ4.96; standard error ϭ 2.40; p Ͻ 0.05). Poor correlation between the z scores of muscle mass and PHA SI ratio was also noticed. The IL-4, IL-5, and IFN-␥ levels of cell culture supernatants after PHA mitogen stimulation showed no differences between BA patients with or without cholestatic jaundice (Table 3) . Indicators of nonspecific cellular immunity, such as polymorphonuclear cell count and absolute cell count of each lymphocyte subpopulation, are summarized in Tables 3 and 4 . No significant correlation of these aspects was observed in BA patients with cholestatic jaundice (p Ͼ 0.05).
DISCUSSION
We demonstrated significant impairment of T-lymphocyte proliferation function by PHA mitogen stimulation study in BA patients with chronic cholestatic jaundice after a Kasai operation. The detailed mechanism of suppressed Tlymphocyte proliferation is unclear (13, 18) . Various plasma circulating inhibitory factors such as bile acids, cytokine, bilirubin, endotoxin, and lipoproteins are possible causes of T-lymphocyte defects (19) . High serum bile acids have been shown to inhibit lymphocyte proliferation in a previous study (20) . To minimize the effects of circulating factors in our study, we repeated cell washing during the processing of peripheral blood mononuclear cells for in vitro mitogen stimulation tests, removing most unbound plasma inhibitory factors. Fraser et al. (21) demonstrated no difference in Tlymphocyte function after 2 wk of bile duct ligation in dogs, whereas Roughneen et al. (15) showed significant impairment in T-lymphocyte proliferation after 3 wk of obstructive jaundice. Such phenomena further suggest that the time course of obstructive jaundice itself plays a key role in the Tlymphocyte defect. Hence, our patients with chronic jaundice for Ͼ6 mo could demonstrate a more reliable effect of the cholestatic jaundice on T lymphocytes.
Chronic protein caloric malnutrition is another factor that possibly contributes to the suppression of T lymphocytemediated immune function. The defect of T-lymphocyte function was demonstrated by Roughneen et al. (15) in the absence of nutritional depletion in animal model. In our study, patients in the jaundice group had lower z scores in body weight and muscle mass than patients in the control group. However, low protein-caloric nutritional status itself was not a confounding factor between T-lymphocyte defects and cholestatic jaundice in our study population by the analysis of backward stepwise multiple regression. These cholestatic BA patients received intensive nutritional support in our hospital. It is possible that the nutritional status of our patients was maintained to an extent that no significant related impact on T-lymphocyte function could be observed.
Defective PMN phagocytic function with obstructive jaundice and impaired PMN superoxide release function by bilirubin and bile acids challenge has been demonstrated in animal studies (16, 22) . However, no PMN dysfunction, including superoxide release, phagocytic function, absolute neutrophil cell number, and proportion of basal expression of leukocyte adhesion molecule (CD11b/CD18 complex) was identified in our study. Previous studies were limited to animal models, and the short-term jaundice was induced by artificial bile duct ligation for 2 to 3 wk. The physiologic and anatomic differences, as well as the etiology of obstructive jaundice, between human and animal studies could account for the different results. On the other hand, the number of BA patients with persistent cholestatic jaundice was not large in our study and it is possible that in such a small sample size, some borderline deterioration in PMN-mediated immunity would not be detected.
We also compared the effect of activated T lymphocyte on humoral and nonspecific cellular immunity between BA patients with or without cholestatic jaundice by cytokines assay. IL-4 produced by activated T lymphocytes is known to modulate isotype switching, IgE production of B lymphocytes, differentiating precursor helper T lymphocytes from the type II helper T lymphocytes, which regulates humoral immunity and antibody production (23) . IL-5, another cytokine produced by T lymphocytes, is also known to exert pleiotropic effects on B-lymphocyte and eosinophilic lineage (24) . IFN-␥ influences the class of antibody produced by B lymphocytes, upregulates major histocompatibility complex antigens, and increases the efficacy of macrophages (25) . The concentrations of IL-4, IL-5, and IFN-␥ of cell culture supernatants after PHA mitogen stimulation were not different between these two groups. Such a phenomenon suggests that the amounts of IL-4, IL-5, and IFN-␥ released by activated T lymphocytes on humoral and nonspecific cellular immunity between cholestatic and nonjaundiced BA patients are not different. UDCA therapy has been shown to reduce aberrant HLA class I antigens on cell surfaces in a previous study, which could be a confounding factor in our study (26) . At our institute, the majority of BA patients received long-term UDCA treatment. Because the percentages of patients on UDCA therapy were not different between these two groups, the effect of UDCA on systemic immune function in this study may be mitigated when we do the comparisons.
This study demonstrates a strong association between chronic cholestatic jaundice and infectious complications in BA patients. Impaired T-lymphocyte proliferation function was evident in BA patients with chronic cholestatic jaundice, which may related to the increased infectious events in chronic cholestatic BA patients.
